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DEVICE TESTING SYSTEM WITH CABLE PIVOT

BACKGROUND OF INVENTION

A. Field of Invention . o .

’ The present invention relat;s, in general, to a
system for testing electronic devices in which an
electronic test head is positioned to connect to and dock
with a handler of the device to be tested. More
specifically, this invention relates to a pivot by which
cable can be attached to and move with a movable test
head.

B. Description of Related Art :

In the automatic testing of integrated circuits
and other electronic devices, special device handlers
have been used which place the.device to be tested in
position. The electronic testing itself is done by a
%arge and expensive agt;?a %cﬁtagﬁ§§gﬁsyﬁﬁeﬂﬁwhich.
includes a test headQWhichgéofné§t§gtégaéé docks with the
device handler. The test head uses hiéh éﬁ%éd electronic



10 .+ A Field of Invention The present invention rel ates,

in general, to a systemfor testing electronic devices in which an

el ectronic test head is positioned to connect to and dock 15 with a handl er
of the device to be tested. Mire specifically, this invention rel ates
to a pivot by which cable can be attached to and nove with a novabl e

t est head. 20 B. Description of Relgted Art In the
automatic testing of integrated circuits and ot her el ectronic devi ces,
speci al device handl ers have been used which place the device to be
tested in position. The electronic testing itself is done by a 25 large

and expensi ve atiningi signaisi sg thstebheheirctronigctidenitist musthbead
whi ch connect s 18?aeéad9§kélw@5h akNBossivievieethandbéice Ihaeke%gs%egd

uses hi gh speed electronic
Accordingly, the test head is densely packaged with

electronic circuits in order to achieve the high speed
5 testing of the sophisticated devices.

A positioner, able to move along a support
structure, carries the test head to the desired location
at which the test head is positioned to connect to and

10 dock with the device handler. The test head is attached
to the positioner so that the test head can achieve six

degrees of freedom.

A major problem is connecting a heavy cable,
15 extending from a capinet containing part of the automatic
' testing system, into the test head. Because the test
head can be moved to a desired location and into a
desired position, the heavy cable must move with the test

head.
20
Conventional arrangements used to provide
synchronized movement between the test head and cable
fall generaliy into two categories: cable pivot-type and
tumble-type arrangements. '
25

In the tumble type, the cable is slung beneath
the test head so that it connects to the side of the test
head opposite the mechanism by{which the test head is
attached, at its center of gravity, to the pesitioner.

30 This arrangement avoids the complexity and expense of a
cable-pivot type approach. It allows the cable to hang
beneath the test head to beyond the side of the test
head, however, for a«numbe; of 41fgerent Qrppntatlons of
the test head. Thus, the cable often’ gets in the way of



timng signals so that the electronic circuits nust be - | ocated as cl ose
as possible to the device under test. Accordingly, the test head is
densely packaged with el ectronic circuits in order to achieve the high
speed 5 testing of the sophisticated devices. : A positioner,
able to nove al ong a support structure, carries the test head to the
desired | ocation at which the test head is positioned to connect to and
10 dock with the device handler. The t®s? Tead is attached to the
positioner so that the test head can achi eve six degrees of freedom

A major problemis connecting a heavy cable, 15 extending from a cabi net
cont ai ni ng par tthe amm:om i the tesbgymmmémetmtmtm test head
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Convent i onal arh%mém% cakkes bk bviech thefldpwrihen the drest be@d/een

the test head gnd i‘i@bit?s dowrl s DEfey 2l |l¥oﬂ'éEbu1¥ oA t@asl &Seysabl e
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the side of t he:dnqsnetely mbsmm tisottthem NEL ae Stedty Wddd Edhecéesainead

S attached,_.at ts éivtl_t A éo the positioner. 30 This
ar r angenent avéjd's jc'?% as eite of a cabl e- pi vot type
approach. It allows the cable to hang beneath the test head to beyond
the side of the test A variety of cable pivot-type arrangements are

10 known. In one, the test head is also held at its center
of gravity by the positioner. The cable and positioner
are attached to the test head on opposite ends of the
test head. One disadvantage of this type of arrangement
is that it cannot -access, from underneath, horizontal

15 plane handlers which are built like two pedestal office
desks; the positioner stands where one pedestal of such a
desk would be locateg.

A second cable pivot-type arrangement involves

20 passing the cable through the mechanism by which the test
head is attached to the positioner. This mechanism is
arranged to permit pivotal movement of the test head.
Typically, such mechanisms include an inner ring which,
through bearings, is spaced from and able to rotate in an

25 outer ring. One disadvantage of these mechanisms is that
installation or removal of the test head requires that
the cables be unplugged from the test system. The task
of decabling and recabling a test system may take one
half to one full day, puts a very expensive system out of

30 commission, and risks damage. Another disadvantage is
that the mechanism is expensive: the bearings themselves
and the precise machining necessary to load the bearings
in the ring are costly.



hedd, hbmever, for a nunber” of different orientati ons .of the test head.

Thus, the cable often gets in the way of
- 3- the operator of the test system.and very |arge test syst ens

are limted in how |l ow they may be positioned before the cables wll
touch the fl oor when the test head is in its down position. Moreover,
the tunble-type 5 arrangenent requires a | engthy cabl e because it extends
conpl etely across the bottomof the test head for certain orientations
of the test head. A variety of cable pivot-type arrangenents
are 10 known. 1In one, the test head is also held at its center of
gravity by the positiondm oigerdid el s triem&fs:.ty wquimﬁ;zfmbt o the

test head on QBQO%aqu_e%nd%_@flé I?S'[own £ Pr I t%k &% dvanta 5 t-?f this

type of arrangenment t hat cannot® access,
hori zontal 15Fiplgne qmcéﬁeﬁ WY @h Gnadampd t Whdte thmqm:abdst a:lheaf fice

desks; the pogebmatey Torte WAt MGPURtderts SRS 1t aidesieyul d be
5

t ed.
loca to mount the ring directly to the test head; instead,
additional structure is required to mount the test head
to the inner diameter of the ring.

With the above discussion in mind, it is one

10 object of the present invention to provide a device
testing system which protects the cables which
interconnect the test head to the test system. Continual
bending, twisting, and insertion/removal of such cables
is inherent when the system is used to test a variety of

15 probers and handlers. Accordingly, the fatigue life of
the cables is an important concern. Because fatigue life
of materials from which cables are made decreases with
increasing stress and the applied stress is proportional
to the length of cable over which a bend or twist occurs,

20 it is advantageous to control the length 6f the cable
encompassing the bend or twist.

Another object is safety and ease of 6peration

of the test head positioning system. Related objects are

25 to allow installation or removal of the test head without
unplugging the test head cable from the test system and
to provide a system which properly balances the test head
in the cable pivot arrangement for acceptable handling.
Still another object is to provide a system able to test

30 a variety of probers and handlers, including those built
like pedéstal desks, and to position.especially large
test heads low to the ground without having the cables
"touch the floor. It is also advantageous to allow



A second cabl e pi vot-type arrangenent involves 20 passinng the cable

t hrough the nmechani sm by which the test head is attached to the
positioner. This mechanismis arranged to permt pivotal novenent of
the test head. Typi cal Iy, such mechani sns include an inner ring which,
t hrough bearings, is spaced fromand able to rotate in an 25 outer ring.
One di sadvant age of these nechanisns is that i nstallation or renoval of
the test head requires that t he cables’ be unplugged fromthe test
system The task of decabling and recabling a test system may take one

half to one full day, puts a very expensive systemout of 30 conm ssion,
and risks damgeunting ff the dtksinthead idirectlhdto tthe eathbaipives

expensive: the eayiquierddiemlerLy aﬁ%ie{lﬁ: LIRS JREIAE NehASREsSAT Y

to load.the bearlngs In the ring are cost

- 4- is to Hrr?‘blr%rat%‘l'% dhigh rf‘ét!éﬁq t%?ft}%f%ﬁfﬂn‘%l‘?fgst t he
cables, it is lgrpieilchtingVidpddEalinasy asl Slddting alignment

5 tolerance requirements.

SUMMARY OF THE INVENTION

10 To achieve these and other objects, and in view
éf its purposes, the present invention provides a device
testing system with a support structure and a positioner
able to move along.that support structure. Also included
is a cable pivot housing defining a substantially

15 circular passage and having a flange on only one side, so
that the passage is partly closed on that side and
completely open on the opposite side. = A test head
adapter ring having two connected halves is rotatably
positioned in the -passage of the housing. The testing

20 system further includes a test head, attached to the test
head adapter ring so, that pivotal movement of the test
head is permitted; a test cabinet; a cable connected
between the test cabinet and the test head and passing

through the test head adapter ring; and a cable support.
25 '

It is to be understood that both the foregoing
general description and the following detailed
description are exemplary, but are not réstrictive, of

the invention.
30



rings, connected by a C-clanp. Wen connected, the -~ geonetry of the
split ring conponents nakes it difficult 5 to nount the ring directly to
the test head; instead, additional structure is required to nount the
test head to the inner diameter of the ring. Wth the
above discussion in mnd, it is one 10 object of the present invention to
provi de a devi ce testing systemwhich protects the cables which

i nterconnect the test head to the test Sy8tem Conti nual bendi ng,

tw sting, and insertion/renoval of such cables i s inherent when the
systemis used to test a variety of 15 probers and handlers. Accordingly,
the fatigue | iBRIEF DESCRERTEQH| @E THEBRAWHPEEEant concern. Because fatigue

life of materials from which cables are nade decreases with
i ncreasing stress and th?hépi?ﬁv&ﬁt%ﬁeﬁé béserﬁﬁeéi—seaaa fromt hkhe | ength
of cabl e over which a bend or_tw st ocg¢ it is_advanta s to

control the | efRtlrwingdetabled des%ﬁbﬁﬁﬁ%ﬁsVﬂﬁntﬁﬁaﬂeﬁB gpn ﬁFg?9n

Anot her objgectyi€h Sehét ¥codfipengingf dpavingspnin whoéht he test head
positioning system Related objects are 25 to allow installation or

renoval of the test head fbﬁﬂﬁui is a:ég%%ﬁggﬁgvﬁhglggsgfh@galaagggrgrom

the test system and ?o provide a roper s the
t est head structucabdd @ld@YlGFrﬁﬁgbhﬁﬁtSY%teacéépﬁﬁﬁpétﬁénaplng
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probers and handl ers, I nclud |ng t hose built i ke gedestal desks, and to
posi tion é§ped¢¥$l§1¥aﬁﬁﬁrees Estreedon PEWRS $HETEROUNd wit hout haV|ng
t he cabl es touch the floor. It is also advantageous to all ow

FIGURE 2a is a perspective view of the test
head adapter ring support structure, and of one
embddiment of the attachment between the test head and

15 the ring, of a device testing system constructed in
accordance with the present invention;

FIGURE 2b is a more detailed perspective view

of the device testing system shown in Figure 2a;
20 )

.FIGURE 3a is a perspective view of the test
head adapter ring support structure, and of a second
embodiment of the attachment between the test head and
the ring, of a device testing system constructed in

25 accordance with the present invention;

FIGURE 3b is a more detailed perspective view
of the device testing system shown in Figure 3a;

30 FIGURE 4 is a perspective view of the test head
adapter ring support structure, and of a third embodiment
of the attachment between the test head and the ring, of
a device testing system constructed in accordance with

the present invention; and
35



-5-» ; nmounting of the test head directly to the cable pivot

arrangenent. Finally, an object of the present invention Is to provide
a system whi ch can be manufactured cost efficiently, especially by
elimnating alignment 5 tolerance requirenents. SUMVARY OF THE

| NVENTI ON 10 To achi eve these and other objects, and in view

of its purposes, the present invention ployiges a device testing system
with a support structure and a positioner able to nove al ong that
support structure. Al so included is a cable pivot housing defining a

substantially 15 «circul ar assgge.and having a flange on only one side, so
that the passage is partl@lé%Bﬁ % 2rperspectiyel view cofipthe ctgsbpheadn

the opposite sigfptert a8indedtbport A8BPEEEuFré NWahYd Nth P SONNRSI §Pndal ves
is rotatably aréxwltloned i n the passage of the housing. The testing

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 is a perspective view of an electronic
device testing system constructed in accordance with the
10 present invention. The system is generally similar to
the one described and illustrated in U.S. Patents No.
4,893,074 and 4,589,815, the contents of which are
incorporated herein by reference.

15 . The system includes a support structure (not
shown) which maintains a main shaft 10 in the vertical
direction (the y~direction of Figure 1) and a positioner
12. Positioner 12 can move verticallj along shaft 10 in
the y-direction and can rotate about shaft 10 in the 8y

20 direction. Positioner 12 can be fixed relative to shaft
10 by tightening main lock collar 14 using main lock 16.
Positioner 12 includes a main arm 18, a forearm assembly
20, and a wrist assembly 22. Forearm assembly 20 is
attached to main arm 18 at forearm mount blocks 34 so

25 that forearm assembly 20 can move vertically along shaft
10 in the y-direction.

Forearm assembly 20 Has a vertical elbow shaft
28 displaced in the z-direction from the vertical axis
30 along which main shaft 10 is disposed. Forearm assembly
20 can rotate in the 8y direction about shaft 28 relative
to main arm 18. Lock collar 30, activated by elbow lock
32, fixes forearm assembly 20 on shaft 28.



20° system further includes a test head, attached to the test head
adapter ring so that pivotal novenent of the test head is permtted; a
test cabinet; a cable connected bet ween the test cabinet and the test
head and passi ng t hrough the test head adapter ring; and a cable
support. 25 It is to be understood that both the foregoing
general description and the foll ow ng q§ugiled description are

exenpl ary, but are not restrictive, of The invention. 30

- 6- BRI EF DESCRI PTI ON OF THE DRAW NGS The invention is
best understood fromthe = follow ng detailed description when read in
connection 5 with the dxisthassenbly 24 ngn Yurmhiigh:attached to

FIGURE 1 is 2 fReleangfdasend B 4. t WS denbly 22 UsidihRIY £ wepdee
testing systemconstructed in ) ) ) )
housing 36 having a circular portion, through which a
vertical wrist shaft 38 is disposed, and a block face.
5 The circular portion and block face of wrist housing 36
may be formed as a single casting. Vertical wrist shaft
38 is further displaced in the z-direction from elbow
shaft 28 and main shaft 10. Note that the combination of
possible rotations about the three, separate, vertical
10 shafts 10, 28, and 38 allows the test head 56 (see Figure
2a) to be positioned along the x and z axes. Wrist
assembly 22 can rotate in the 8y direction about vertical
wrist shaft 38--unless locked in place by vertical wrist

lock 40. :
15 -

Wrist assembly 22 can also rotate about the z
axis (see Figure 1). To prevent such rotation,
horizontal wrist lock 42 can be uséd to fix horizontal
wrist shaft 44 of wrist assembly 22 in position. Cable

20 pivot adapter 46 is affixed to horizontal wrist shaft 44
by conventional screws, bolts, pins, or the like.

As shown in Figure 2a, cable pivot adapter 46

is affixed to horizontal wrist shaft 44 through flange

25 48. Cable pivot adapter 46 includes flange 48 and a beam
50. Beam 50 is attached (welded or formed as an integral
casting, for example) to flangé 48 on one end and
(through screws, bolts, or the like) to a cable pivot
housing 52 on its opposite end, thereby connecting flange

30 48 and cable pivot housing 52. Cable pivot housing 52
retains test head adapter ring 54, ailowing ring 54 to
rotate (in the 6y, direction) within housing 52 in a
manner described below. Test head 56 is attached to ring



accordance with the present invention, which also shows 10 the six degrees
of freedom of the system FIGQURE 2a is a perspective view of
t he test head adapter ring support structure, and of one enbodi nment
of the attachnent between the test head and 15 the ring, of a device
testing systemconstructed in accordance wth the present invention;
FIGURE 2b is a nore detail ed perspective view of the device testing
system shown in Figure 2a; 20 - FIGURE 3a is a perspective view
of the test head adapter ring support structure, and of a second

enbodi nent of the attachnment between the test head and the ring, of a
devi ce testing 34siremn comsbexcofdposs PBle aways dascre WL hwih heh pazeent

i nvention; ; SHR | tall ' e
of the deviceet%ﬁi?ﬁif%ds?€%1shgagf?%§?§g€?é835? @%OEPaﬂsféPeﬁéb§§%ﬁEE%§ S
a perspective west dieadheS€est head adapter ring support structure, and
of a third enbodi nent of the attachnent between the test head and the

ring, of 5 a device teshédy YSd CEE CONBEFAEES ] th 2EKOT EPEEErYhi the
present invention; and 35 ]

interface components (connectors, pogo pins, printed
circuit boards, and the like) of the system to be tested
(not shown). In order to protect the fragile electronic
interface components from damage or excessive wear during

10 the docking and undocking action between test head 56 and
the system, motion of the test head during such action
must be precisely in line with the motion axis of the
electronic interface components. Accordingly, test head
56 must be able te move accurately and effortlessly in

15 any or all of the six degrees of motion freedom of a
Cartesian coordinate system during the docking and
undocking action. These six degrees of freedom, as shown
in Figure 1, include linear motion in the x (horizontal;
left to right), y (vertical), and z (horizontal; in and

20 out) axes and rotation about each axis in the 8y, 8y, and
8, directions--all relative to the center of the
interface board plahe on which the electrical
interconnect components are mounted.

25 The invention achieves six degrees of freedom
of motion by carefully assuring that balance is
maintained (as described below) on each axis of motion in
the design of both the positioner 12 and the test head

‘adapter ring 54 elements of the device testing system.
30

A cable, usually composed of a number of
individual cables (not shown), extends into test head 56
through test head adapter ring 54. Electronic signals
generated by test head 56 and power are delivered along



-7-- FIGURE 5 is a perspective view of the test head
adapter ring support structure having an offset hol di ng arm 5

DETAI LED DESCRI PTI ON OF THE | NVENTI ON Figure 1 is a
perspective view of an electronic device testing systemconstructed in
accordance with the 10 present invention. The systemis generally simlar
to the one described and iIIustrated_ifoLLS. Pat ents No. 4,893,074
and 4,589, 815, the contents of which are | ncor porated herein by
reference. 15 The systemincludes a support structure (not
shown) which nmaintains a main shaft 10 in the vertical directionﬁé;he
y-direction of thefig cahlemdcd IRZi frohar test 1cabingt ( (Refershowrhn e

vertically al oRg§RAfthd Cdbles, 4 heeleskdSLd i O4bEOdEHPorF©IE eigbout shaft
10 in the [er rection. . Positioner 12 can be.fjxed relative t

20, . d
shaf t 10 byqu i NIRRT otk RaF  SPhayicr} Reaktigs Sk 93ch en

Positioner 12 iwicifesl lowiresdom I8 woveatient m assenbl y 20, and a
wist assenbly 22. - Forearm assenbly 20 is attached to nain arm 18 at

forearnlﬁnunt bl ocks 345%% shown in Figures 2b and 3b, cable pivot

housing 52 only partially surrounds test head adapter
ring 54. Housing 52 has a lip 60 having two holes 62
into which two horizontal cam followers 64 are inserted

10 (in the x-direction). Perpendicular to horizontal cam
followers 64, three radial cam followers 66 are inserted
into the inside radial surface 68 of cable pivot housing
52. The wall 70 of housing 52 which faces test head 56
is open; wall 70 does not contain a lip or flange similar

15 to lip 60 on the opposite side of housing 52.

Cable pivot hHousing 52 engages test head
adapter ring 54, holding ring 54 in position, allowing
ring 54 to rotate.within housing 52, and transferring the

20 location-fixing movements of positioner 12 to test head
56. Test head adapter ring 54 is formed as a split ring,
generally as steel tubing, shown also in Figures 2b and
3b. The split ring has two ring halves, 72 and 74, which
are held together by dowel pins 76. Dowel pins 76 are

25 . formed on ring half 74 and engage passages (not shown) in
ring half 72. Dowel pins 76 bear a significant load
because, as the load twists and turns, a cantilever force
is exerted which tries to twist ring halves 72 and 74.

30 Ring retainers 78 are positioned over dowel
pins 76, and over the junctures created when ring halves
72 and 74 are joined. Ring retainers 78 are typically
held onto ring halves 72 and 74 using screws, pins,
bolts, or the like 80. Thus, ring retainers 78 hold



25 -that forearm assenbly 20 can nove vertically along. shaft 10 in the
y-direction. Forearm assenbly 20 has a vertical el bow shaft
28 displaced in the z-direction fromthe vertical axis 30 along which nain
shaft 10 is di sposed. Forearm assenbly 20 can rotate in the ey
direction about shaft 28 relative to main arm18. Lock collar 30,
activated by el bow | ock 32, fixes forearmassenbly 20 on shaft 28.

-8 - Wist assenbly 22, rniturn, is attached to forearm

assenbly 20. Wist assenbly 22 includes a wi st

housi ng 36 having a

circular portion, through which a vertical wist shaft 38 is disposed,
and a bl ock facdowe’ PhesclZecdhapogdtionn aAlitbbugh baty tWowrisg housi ng

may be fPéesaﬂna}geavﬁ' leaesﬁa§f'1' R F ggyégabb%hat 3shaaadéuo%%1' S

36
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separ at e,
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her displaced 1nt direction frome

mal n shaft
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vertigalirlegskahySréCair8rsandudd Bkl prackheiheshehpadtdd oFee
5 the guide 82. Through dowel pins 76 and ring retainers

78, ring halves 72 and 74 are fixed precisely in

position.

When halves 72 and 74 are joined, guide 82 is
10 formed around the outside of test head adapter ring 54 in
the side opposite wall 70. Horizontal cam followers 64
engage guide 82 when ring 54 is in position inside cable

'pivot housing 52. Similarly, a radial groove 84 is
formed around the-circumference of ring 54. Groove 84
15 engages radial cam -followers 66 when ring 54 is in

position inside housing 52.

Unlike the known split ring; test head adapter
ring 54 is open. - In the conventional, "“closed" split

. 20 ring, wall 70 has a lip corresponding to the lip 60 on
the opposite wall. .Like lip 60, that lip carries two
horizontal cam followers (opposite cam followers 64). A

guide opposite guide 82 is formed around the outside of
test head adapter ring 54 in the side adjacent to wall
25 70. The horizontal cam followers opposite followers 64

engage that opposite guide when ring 54 is in position
inside cable pivot housing 52.° Thus, the conventional
split ring has neither a radial groove 84 nor radial cam

followérs 66.
30

Horizontal cam followers 64 and radial cam

followers 66 are standard hardware, forming complete
units containing needle bearings. Such cam followers are

inexpensive relative to the big-diameter ball bearings



2a) ‘'to be positioned along the x and z axes. Wi st ~assenbly 22 can
rotate in the [err] direction about vertical wrist shaft 38--unl ess

| ocked in place by vertical wist | ock 40. 15 Wi st
assenbly 22 can also rotate about the z axis (see Figure 1). To prevent
such rotation, hori zontal wist |ock 42 can be used to fix horizontal
wrist shaft 44 of wist assenbly 22 in poiation. Cabl e 20 pivot adapter 46

is affixed to horizontal wist shaft 44~ by conventional screws, bolts,

pins, or the Ilike. As shown in Figure 2a, cable pivot
adapter 46 is affixed to horizontal wist shaft 44 through flange 25
48. Cabl e pi voprevipusiysgsedcindeonventdonad gable payat arrspgeRpena®ss0 is

attached (wel dggdepbubhr ¥Rdyaaranakni@@fral in nightnbda Eﬁi-r?&?ﬁp%%kt'fso
fl ange 48 on one en h screws, bolts, or the'like) to a

d and t.hr qu
cabl e pivot SURBURFnEess Bﬁgpt§838§8§iFéngnéf'thereby connecting flange
30 48 and cabl e pivot housing 52. Cable pivot housing 52 retains test
head adapter ring 54, al hesordingngoS4hkopresentt dheenthiohhetiverr ]

direction) Wi L1L0;DOHELITCER EB13owers 8" Gha ERELLORLaRE] OanT oSt Noad 56

followers 66 are preferable. The horizontal can

followers 64 are disposed perpendicular to the radial cam
followers 66. Moreover, the two horizontal cam followers

10 64 and two of the three radial cam followers 66 are

linearly disposed along imaginary, intersecting lines,

with the third radial cam follower 66 disposed midway
between the two horizontal-radial cam follower pairs.

15 Such an arrangement of the canm followers is
advantageous because it minimizes alignment tolerance
requirements. In order to share the cantilever load
imposed on test head ‘adapter ring 54, the cam followers
must be in line. If three horizontal cam followers 64

20 were used, for example, they would not only have to be
critically perpendicular to the radial cam followers 66,
but they would have to be in line so that they properly
shared the load. Because only two horizontal cam
followers 64 are used; their perpendicularity is not as

25 critical and alignment tolerances are more easily met.

Test head 56 may be mounted to test head
adapter ring 54 in a variety of ways. Three embodiments
of the attachment between the test head 56 and the ring

30 54 are illustrated in the drawing. Turning first to
Figure 2b, a test head mount 86 can be affixed to the
inside surface 88 of test head adapter ring 54. Radial
screws, pins, or the like 90 engaging passages 92 in test
head mount 86 may be used to position test heaa mount 86.



-9-- " 54 in a nunber of possible ways, sone of which are descri bed

below, allowing ring 54 to transfer novenent to test head 56. 5

Test head 56 interacts with the electronic i nterface conponents
(connectors, pogo pins, printed circuit boards, and the like) of the
systemto be tested (not shown). In order to protect the fragile

el ectronic I nterface conponents froqlggngge or excessive wear during 10
t he docki ng and undocki ng acti on between st head 56 and the system
notion of the test head during such action must be precisely in |line
with the notion axis of the el ectronic interface conponents.

Accordingly, tds¥ofedd, affizegutp besipbheadoSkoean greurhdel }sapgtached

effortlessly if5lpan@nia rbé'thE an %h%h eaé§98headnﬁbuﬂ& BECdRFPOl 2
Cartesian coordinate s em urlng gﬁ undocki ng acti on.
[

These si x degr%§§96@5f¥§¥8891 §8 sh&ﬁﬂ m°‘mtn SﬂﬁeaitaFHGFuHQ Fkd&

motion in the ¥uppertzeatsh; its obpbkite ehght), y (vertical), and z
(horizontals, in and 20 out) axes and rotation about each axis in the [err]

and [err] dlrectlons rgga%hggstgntQgtgggggévgfagggchFenhnterface

board pl ane on which the e connec
mount ed. 25 between th¢h§e$ﬁv§ﬁﬁﬂo§5aéﬁﬁe#é§ §e§tdbgaéegd@ptere§é@m

of motion by C@iefUihYtﬁﬁﬁUémﬁgdlﬁéhtbahaBESdlé harﬁagatabeegoke89s
descri bed bel ow) on each g HD {he desi gn of both the
positioner 12 ¥ ?REIRgS eﬁ aBea 56 1s attached directly to ring 54
10 without using additional structure such as test head
mount 86 and rod 94. Conventional screws, bolts, pins,
or the like 98 may be used to attach the elements. As
shown in Figure 3b, spacers 100 may be provided between
ring 54 and yoke 96 to prevent the formation of pinch
15 points between cable pivot housing 52 and yoke 96 during

rotation.

Figure 4 illustrates a third embodiment of the
attachment between the test head 56 and the test head
20 adapter ring 54. A projection 102 is forméd on test head
56. Projection 102 can be attached, by conventional
means, directly to ring 54.

In both the second (Figure 3a) and third

25 (Figure 4) embodiments discussed above, test head 56 is
mounted directly to the face 104 of test head adapter
ring 54 which most closely abuts test head 56. The known
split ring cable pivot permits mounting only to the
inside surface 88 of the cable pivot, in a manner like

30 the first embodiment shown in Figure 2a. This is because
the known cable pivot is closed, whereas wall 70 of cable
pivot housing 52 of the present invention is open,
allowing access to face 104 of test head adapter ring 54.



adapt er r|ng 54 el enments of the device testing system 30 A
cabl e, usually conposed of a nunber of i ndi vi dual cabl es (not shown) ,
extends into test head 56 t hrough test head adapter ring 54. Electronic
signal s generated by test head 56 and power are delivered al ong

- 10 - these cables to and froma test cabinet (not shown). To

carry the cables, a telescopic cable supgprt 58 is provi ded. Support 58
has spherical bearings on each end i &% a1 ow freedom of noverment. 5
As shown in Figures 2b and 3b, cable pIVOt housing 52 only partially
surrounds test head adapter ring 54. Housing 52 has a |lip 60 having two
hol es 62 i nto whi ch t ®bepseticatdly,cifm wonldnwbes pessibde focptdach) (in

the x-directionjesPenpgRdsguldtel@1pOkbZ 2Rl 16aMor teke! hewar aalprelhr ee
radial camfollowers 66 are inserte ..into the inside radiial surface 68
of cabl e pivot Fondi g in the known split ring cable pivot--if the
thickness of face 104 were sufficiently large. Face 104
5 would have to extend beyond the lip formed on wall 70 so
that face 104 would be exposed. Moreover,.because a
circumferential guide is formed in face 104 in the known
split ring cable pivot, the thickness of face 104 would
have to be sufficient to allow-for both formation of the

10 guide and the attachment of test head 56.

The thickness of face 104 is critical to the
overall geometry of the system, however, and must be
minimized. Thus, it is not possible to attach test head

15 56 directly to face -104 of test head adapter ring 54 in
the known split ring cable pivot. The outside diameter
of ring 54 must be smaller than the thickness of test
head 56 so that the center of gravity of the cantilever
load passes through the center of ring 54. Moreover, the

20 outside diameter must be kept small, particularly so that
ring 54 is below the-top surface of the docking plate
positioned on top of test head 56, to prevent
interference with docking to large handlers. Given the
constraints on the outside diameter of test head adapter

25 ring 54, the inside diameter of ring 54 is reduced as the
thickness of face 104 is increased; but that inside
diameter must be sufficient to bass the relatively large
cable to test head 56. By providing an open cable pivot
housing 52, the present invention can incorporate a

30 thinner face 104 yet achieve the consequent mounting

advantage.



52." The wall 70 of housing 52 which faces test head 56 - Is open; wall 70
does not contain a lip or flange simlar 15 to |lip 60 on the opposite side
of housi ng 52. Cabl e pivot housing 52 engages test head
adapter ring 54, holding ring 54 in position, allow ng ring 54 to
rotate within housing 52, and transferring the 20 | ocation-fixing novenents
of positioner 12 to test head 56. Tgs& head adapter ring 54 is forned
as a split ring, generally as steel t Bing, shown also in Figures 2b
and 3b. The split ring has two ring halves, 72 and 74, which are
hel d toget her by dowel pins 76. Dowel pins 76 are 25 forned on ring half 74
and engage passages (not FeFo@frepkable handliangf 12 iBowerypimporgamar a

significant |oghat thBeeantdiedert 18akioageheat ByandnbHENetndcantil ever
force is exerted which &rles go t Wi_st rlng halves 72 and 74. 30
Ri ng ret ai ner sSCYBPAPENESsi FPEnEaPIGerNdohRFt heag; A8, 7he hadanred dme

junctures createstwheadr adgphakveing 5472 ®He ééndeg bQ!@deiB&nQCgsF%HﬂerS

ror 2L LIPS bl conptERBE o Bal SHE né s i1 4800Y 34iMRA R
for example, the cable does not connect to test head 56
symmetrically about the cg (note that the cable may be
attached at an edge of test head 56 in certain designs).
Such misalignment can exacerbate the balancing

10 difficulty.

Figure 1 shows one way in which balancing is
achieved. A spring assembly 106 is attached through
spring housing 108-to wrist housing 36. Inside housing

15 108, two, separate springs are provided to compensate for
the cantilever load. On the load side of cable pivot
housing 52 (in the positive x-diréction), spring'housing
108 contains a disc épring (not shown). That disc spring
is guided by a piston (also not shown) and installed by a .

20 disc spring screw 110. A gimbal pin 112 connects the
disc spring and piston assembly of spring assembly 106 to
wrist assembly 22. bpposite the load side of cable pivot
housing 52 (in the negative x-direction), spring housing
108 contains a coil spring (not shown). That coil or

25 compression spring is guided by a piston (also not shown)
and adjusted by a coil spring screw 114. A gimbal pin
(not ‘shown) connects the coil sbring and piston assembly
of spring assembly 106 to wrist assembly 22. The coil
spring is used for calibration, to compensate for

30 tolerance inherent in the disc spring.

The embodiments of the present invention shown
in Figures 1, 2a and 2b, 3a and 3b, and 4 use spring



dowel pins 76 in position:ﬂAlthough only two ring retainers 78 are

shown in Figures 2b and 3b, additional retainers may be provided. For
exanpl e, an additi onal - pair of ring retainers could be placed in the
bottomof 5 the guide 82. Through dowel pins 76 and ring retainers 78,
ring halves 72 and 74 are fixed precisely in posi tion.

When halves 72 and 74 are joined, guide 82 is 10 formed around the outside
of test head adapter ring 54 in the side opposite wall 70. Horizontal
cam fol | oners 64 engage guide 82 when ring 54 is in position inside
cabl.e _pivot housing 52. Sim/larly, a radiagl grooye 84 is f ormed
around the ci Péﬁﬁf“g’ié’nggsoft"r ﬁ?d’aé’f.eyéh@ofé%&l ereﬁr@ s radtalloadn

fo:lﬁmerﬁ GE whAgnalsng bed bad anced, wﬁmhbgkonsﬁmgidesbmdmbngs&&mbly, by )
Unli ke the kn N g, t . Ii.00. i.g open. In the
conventional,8¥§i‘%§ghb g&%%th%ga.F?%gﬁe%a?ﬁkggsﬁaénaa i8§?gF?ésponding to
the |ip 60 onpositipa,opsoshowndin Figuke Bi.p 80, asisurel thafathees two -
hori zont alg ¢ OWer QRRYS blke ¢ I 6 ui osite
QUi de B2 175 Torned aroy g aed ofc cRTLpAN BRSO thr oy e e
the side adj a@En¥Fipg ®&l pnothery-dirgetion 2pe: fhreyghs Sheokensesppdsite

fol!gwersbf4 f;an@éﬁieeihh&ggoﬁp$%kb%tﬁﬁhdeb@ﬁﬁnsbiﬂ§|56rh&dinpQShLiOR
i nsi de cabl e vot .hausi.n . us e_conventio split.ring has
ne ther a radPAFPERoGTBTATURGF 1PRY aPLEdRRatively, "te loaaRay' v
balanced without using a spring assembly by establishing
10 a Cq pivot in the Cq axis through the arms of yoke 96

shown in Figure 3a.

Not illustrated in the drawing, but usually
present as part of. the cable'pivot of the present
15 invention, is a conventional cable pivot lock knob. Such
a lock knob is typically placed in cable pivot housing 52
and can engage test head adapter ring 54 to lock ring 54
in position. ' :

20 Although the invention is illustrated and
described herein as embodied in a device testing systen,
which comprises a suﬁport structure, a positioner, a
cable pivot housing defining a substantially circular
passage completely open on one side, a split test head

25 adapter ring, a test head, a test cabinet, a cable, and a
cable support, it is nevertheless not intended to be
limited to the details shown. Rather, various
modifications may be made in the details within the scope
and range of equivalents of the claims and without

30 departing from the spirit of the invention.

Specifically, and for example, the test head adapter ring
is shown as split into two halves; it may be split into a
number. of different sections.



followers 66.

foll owers 66-are standard hardware, form ng conplete units containing

needl e bearin
bi g- di anet er
previously us
are as useful
ri ng 54. 5

hori zontal camfollowers 64 and three radial cam fQ
preferable. T

to the radial
foll owers 10

linearly disposed al ong ymagi ga
radial camfollower 66 disposed

30 " Hori zontal cam followers 64 and radial cam

gs. Such camTfollowers are i nexpensive relative to th

ﬂiﬂmlﬂlﬂ"@@wl cabl e pivot arrangenents, .

i'n hi ¢gh- l"oa rying partsig - such as t
According to the present- i nven

he horizontal. cgm. . followers 64 are di Sogs
§5ﬁ£ is ?EFF r3586. Moreover, the two hofi zontal cam
64 and two of the three radial camfollowers 66 are

hori zont al - r adehecerANicel feHéFeparPEPrising:

5

10

15

a movable positioner;

a semi-circular cable pivot housing including
an inside radial surface defining a substantially
circular passage and a lip on only one side of said
housing so that said passage is partly closed on_said one
side and completely open on thé opposite side;

means for attaching said cable pivot housing to
said positioner,

a test head adapter ring having a first half
and a second half; '

means for-connecting said first half of said
test head adapter ring to said second half of said test

" head adapter ring;

20

25

30

means for rotatably positioﬁing said test head
adapter ring in said substantially circular passage of
said cable pivot housing;

a test head;

_ means for attaching said test head to said test
head adapter ring for pivotal movement of said test head;
and

a cable connected to said test head and passing
through said test head adapter ring.

2. A device testing system as claimed in
claim 1 wherein said connecting means include:

(a) a pair of edges each having a plurality of
passages on said first half of said test head adapter
ring,

This Sheet Has Been RTlaced
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15 i Such an arrangenent of the camfollowers is advantageous

because it mnimzes alignnent tol erance requi renents.

share the cantilever |oad i nposed on test head adapter”,, \am
followers Imﬁ "uv I'f three horizontal camn£ef]QueEs

wer e used, formﬂ mu“ 'ﬂ“lul d not only have to be S

perpendlcular td the Fadt al® cdm f ol | ower 65 but e =220 have to be
in line so that they properly shar ed the | oad. BecatiSe onIy t wo

hori zontal cam followers 64 are used, their perpendicularity is not as
25 critical and alignnment tol erances are nore easily net.

Test head 56 may be nouflPbdtEOFESEPARALNT Plunapity ?fn§°8ﬁllﬂlﬁsvar|ety
of ways. Thre.@o:@ﬁmdbmm sec@xﬁdtiwmt&ﬁCJsmttbe{:V\Reﬂdta@apesf heag 56
and the ring 30 54 are Iug%rated n_the % aw ng. gggflrst to
Figure 2b, a %Eteﬂ%%%lﬂ%ui?l PRETRPES PR xEFPHF HR '565h heESsirt9ce 88
of test head fidest ehalf ndisaRAdsetond half cof, spidstest héaad| agapber

engagi ng gasgggﬁf éghﬁébéesénd head nmount 86 may be use?Bto position test

head nount
(c) at least one pair of ring retainers affixed

to said test head adapter ring over said joint and
holding said dowel pins in said passages.

i0 3. A device testing system as claimed in
claim 1 wherein said rotatable positioning means include:

(a) a face of said test head adapter ring
adjacent said lip on said one side of said cable pivot
housing having a guide formed in said face,

15 (b} a circumference of said test head adapter
ring having a radial groove,

(c) a plurality of horizontal cam followers
positioned on said lip of said cable ﬁivot housing for
engaging said gquide, and

20 (d)'a plurality of radial cam followers
positioned on said inside radial surface of said cable
pivot housing for engaging said radial groove.

4. A device testing system as claimed in
25 claim 3 wherein said horizontal cam followers are
positioned perpendicular to said radial cam followers.

5. A device testing system as claimed in
claim 4 wherein there are two horizontal cam followers
30 and three radial cam followers.

6. A device testing system as claimed in
claim 5 wherein said two horizontal cam followers and two

This Sheet Has
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A rod é4, affixed to test head 56 on one end, is attached to (and may

be inte

or yoke

W t hout using additional structure such as test head
94. Conventional screws, bolts, pins, or the like 93
attach the el

gral

96

wi th) test head nmount 86. Rod 94 extends beyond test h
nount 86 and attaches to cable =~ support 58 on its opposite end
Fi gure 3a sho

WS tt achment bet ween t he test—
the test head mg l‘ﬂlﬂgmmT"E : In t hat enbodi nent, 2T a
””

suppor tti ng test* head 56 4 39att ached dlrc

ma

y be used to

ST, Bhroe AN UAb e SPACSAI T e L1 e

bet ween
poi nt's betmeealoablem@g@@@rwbdewgSBZtand ywdkess6 during rotation.
Figure 4 illustrates - a third enbodi nent of the attachnent between the

test head 56 and the test head 20 adapter ring 54. A projection 102 is
formed on test head 756. Pr §evdceofestingasysten agclkd@imed dahventi onal

direct LbYatif Al G8le®éin said attachment'mR@hl tiheim@eqnd (Figure 3a)

nmeans,

and th|rd 25

(e Bemaadgmenie, deskied abore LG S00n

nmounted directly to the
nost cl osely ahaptererﬁnhead 56. The known split ring cable pivot

permts nounting only t 5
like 30 the first

manner

10

15

20

25

30

gst' ﬂasaemsu%asgf%eaf fo“%a?. 1%5&' ot
enbo shown 1n hi
surface of said test head adapter rlng, and

(¢) a rod affixed to said test head on one end

and engaging said test head mount.

8. A device testing system as claimed in
claim 1 wherein said attachment means includes a yoke
supporting and at least partially enclosing said test
head attached directly to said test head adapter ring.

9. A device testing system'as claimed in
claim 1 wherein said attachment means includes a
projection formed on said test head and connected
directly to said test head adapter ring.

10. A device testing system as claimed in
claim 1 wherein the outside diameter of said test head
adapter ring is smaller than the thickness of said test
head.

11. A device testing system as claimed in
claim 1 wherein the center of gravity of the cantilever
load carried by said test head adapter ring passes |
through the center of said split ring cable pivot.

This Sheet Has Been RT
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the known cabl e pivot is closed, whereas wall 70 of cable pi vot housi ng

52 of the present invention is open, all owi ng access to face 104 of
test head adapter ring 54. - 14 -
Theoretically, it would be possible to attach test head 56 directly to
face 104 of test head adapter ring 54 in the known split ring cable
pivot--if the t hi ckness of face 104 yweye sufficiently large. Face 104
5 woul d have to extend beyond the lip formed on wall 70 so that face
104 woul d be exposed. Mreover, because a circunferential guide is
formed in face 104 in the known split ring cable pivot, the thickness
of face 104 woul d have to be sufficient to allowfor both formation of
the 10 guide and the attachnent P{rﬁest head 56, ' The

t hi ckness of face 104 is critical th overall geonetry of the
system however, and nust be m nimzed. Thus, it is not possible to

attach test head 15 56 directly to face 104 of test head adapter ring 54
in the known split ring cable prvet. e out si de di anet er




of ring 54 must be snmaller than the thickness of test head 56 so that
the center of gravity of the cantilever | oad passes through the center
of ring 54. Mreover, the 20 outside dianeter nust be kept small,
particularly so that ring 54 is below the top surface of the docking

pl ate posi tionggyon top of test head 5 to prevent I nterference

w th docking to I;(’%‘handlers. G ven the constraints on the outside

di ameter of test he{ggdapter 25 ring 54, the inside dianeter of ring 54

I s reduced as the Wi ckness of face 104 is increased; but that inside
di anet er nmust be suf ent to pass the relatively large - cable to test
head 56. By providing open cabl e pivot housi ng 52, the present

i nvention can incorpord a 30 thinner face 104 yet achi eve the consequent
nount i ng advant age. \ o\ : - - 15 -

For acceptabl e handling, $t\ s very inportant that the cantilever |oad
created by, anpng otheg onponents, the cable and test head 56, be

bal anced in test head 3 ring 54. The center of gravity (Cg) of




5 the cantilever |oad may not be symetrically aligned if, for
exanpl e, the cable does not connect to test head 56 symmetrically
about the Cg (note that the cable nay be attached at an edge of test
head 56 in certain designs). Such m salignment can exacerbate the

bal ancing 10 difficulty. Figure 1 shows one way in which
bal ancing is achi eved. A spring asse?bly 106 is attached through

spring housing 108-to wist housing 36. 3 Msi de housi ng 15 108, two,
separate springs are provided to conpensate for the cantilever |oad. On
the | oad side of cable pivot housing 52 (in the positive x-direction),
spring housing 108 contains a disc spring (not shown). That disc spring.
"is guided by a piston (also not shown) and install'ed by a 20 disc spring
screw 110. A ginbal pin 112 connects the di sc spring and piston
assenbly of spring assenb&g 106 to wrist assenbly 22. Qpposite the | oad
si de of cabl e pivot ho Siﬂé,ﬁﬂﬂ=§§\ the negative x-direction), spring

housi ng 108 contains a YOI ZSPak ] (not shown). That coil or 25
conpression spring is gui éﬁ??;:;‘;:; on (al so not shown) and adj usted
gi P AR (not shown) connects. the coil

by a coil sprigg screw 11

spring and piston assenbl ¥F of”springd, assenbly 106 to wrist assenbly 22.
The coi l speing is usegdsfor calibratidp~to conpensate for 30
tol erance i nhek®nt in the di : The enbodi nents of ~—

[$e]
t he present invantion sho@ 1, Za and 2b, 3a and 3b, and 4

use spring



- 16 - ° assenbly 106 to bal ance the cantil ever |oad. That | oad

may al so be bal anced, w thout using a spring assenbly, by provi di ng
test head adapter ring 54 in an offset position, as shown in Figure 5.
To assure that the 5 <center of gravity of the | oad passes through the
center of ring 54 in the x-direction and through the center of

flange 48 in the z-direction, beam50 is fﬂ%ﬁﬁd ina z- shaped
configuration. Alternatively, the | oad maybe bal anced wi t hout using a
spring assenbly by establishing 10 a Cg pivot in the Cg axis through the
arnms of yoke 96 shown in Figure 3a. Not illustrated in
the draw ng, but usually present as part of.the cable pivot of the
present 15 invention, is a conventional cable pivot |ock knob. Such a
| ock knob is typically placed in cable pivot housing 52 and can engage
test head adapter ring 54 to lock ring 54 in position. 20

Al t hough the invention is illustrated and descri bed herein as enbodi ed
in a device testing system whi ch conprises a support structure, a
positioner, a




cabl e pivot housing defining a substantially circular passage
conpletely open on one side, a split test head 25 adapter ring, a test
head, a test cabinet, a cable, and a cabl e support, it is neverthel ess
not intended to be limted to the details shown. Rather, various

nodi fications may be made in the details wthin the scope and range of
equi val ents of the clainms and w thout 304 ?eparting fromthe spirit of the
i nvention. Specifically, and for exané e, the test head adapter ring
is shown as split into two halves; it may be split into a nunber of

di fferent sections. 1. A device testing system
for evaluating el ectronic devices conprising: a novabl e

posi ti oner; a sem -circular cable pivot housing including an
inside radial surface defining a substantially circular passage and a lip
on only one side of said housing so that said passage is partly closed on
said one side and conpletely open on the opposite side;

o
3
n
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\

g OF LOAD




means for attaching said cable pivot housing to said positioner,

a test head adapter ring having a first half and a second hal f;

means for connecting said first half of said test head adapter ring to said

second half of said test head adapter ring; means for
rotatably positioning said test head adapter ring in said substantially

circul ar passage of said cable pivot housi g! a test head;
means for attaching said test head t st head adapter ring for

pi votal movement of said test head; and a cable connected to
sai d test head and paspEvECE WeRENC SYSTEs wieRaslaP PRvOT NO.

2. A device testing systemas clainmed in claim1l wherein said connecting
means i ncl ude: (a) a pair of edges each having a plurality
of passages on said firsk dev¥iceftesting esystemdofidtipe ckyPengn which an

electronic test head is mounted for pivotal movement

5 about three orthogonal axes. Cables are connected
between a test cabinet and the test head to carry
electronic signals. The test head is directly mounted
to, and the cable is introduced to the test head through,
a split ring cable pivot.

10

- (Figure 2B)

s _.'ns, ‘ LA A By
B-arpnnar

'''''
_________



(b) 'a’cofr-espondi_ng Q'I urality of dowel pins forned on said second half of
said test head adapter ring for engaging said passages and form ng a joint

where said first h | nd hal f of said te er _ring
connect, and ﬂ“l"ﬂ"‘" mu m mlh eagty Sulestijsite sheey fixed
to said test head adapfertri’g Sovér said joint and ho{ di ngﬁgi o) pijins

I n.sai d passages. ' 3. A devi ce testin@agySerW % | mad
in claiml wherein said rotatable positioning neans i" O

it of sai d cabl e pivot  RotRG Enabe A B R etk O

(b) a ciroctompriemige of said test head adapter ring having a radial groove,
(c) a plurality of horizontal camfollowers positioned on said |lip of said
cabl e pivot housing for engaging said guide, and (d) a
plurality of radial Eéﬂ?‘f%?? 8%39ﬂ%fosi tioned on said inside radial surface
of said cable pivot housing for engaging said radial groove.

4, A device testi < - s W ' . | | f.ihori zont al
cam fol |l owers ar oqggf?%?etgm?gr%ggrﬁhgﬁﬁg?ﬁ?ﬁoé %%&Pmﬁsgﬁa%ﬂ Qwers.

5. A desuréace; definipg asspbsaniialdy irsuias passags) aid? Hpgreprlyoncsde ofr e t wo
hori zont al sa¢@Motisingostetat said pabsage is pdithy cloded foal Jaddvens side and completely

open on the opposite side;

means for attaching said cabiz pivot housing to said positioner,
. a test head adapter ring having a first half and a second half;

means for connecting said first half of said test head adapter ring to
said second half of said test head adapter ring;

means for rotatably positioning said test head adapter ring in said
substantially circular passage of said cable pivot housing; '

a test head;

~means for attaching said test head to said test head adapter ring for
pivotal movement of said test head; and

. a cable connected to said test head and passing through said test
head adapter ring.

2. A device testing system as claimed in claim 1 wherein said
connecting means include:

(a) a pair of edges each having a plurality of passages on said first
half of said test head adapter ring,

This is the replacement shest
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6. . " 'A device testlng systemas clainmed in claim5 wherein said two
hor’i zont al camfollowers and two of said three radial camfollowers are .

linearly disposed along imaginary intersecting |ines.

7. A devi ce tﬂmlmﬂn m"mlﬂil'cl ai meqigiSubstisite shegt rmm rre t

means i ncl ude: an i nside surface fofjned 0%9 .
head adapter ring? a test head noun %Pl " (‘)Qm_d——
i nsi de surface of said test head adapter ring, and (c) a rod

affixed to said test ad on one,end,and en i n t hea u

8. ° A device testi r(ﬁfé OrtespeRding plyrality ﬂpgg v@?? r?’b%ﬂl sﬁ‘f‘i'&thrrent
means i ncl hdkfs:fasaycbmt sl:maqbadaptagnagd‘oatngwg spzd pasakgqs ant farsiing asjpint t est
head attacgﬁ.{ér rd G 9.

A device te ng syslt-em as clal ne%&on'&%?f@f‘?:@ﬁ errﬁeé}% asflaapcfran?%g nnr1laer§:tt means
i ncl udes a@pdojection formed on said test head and connected directly to
said test head adapter ring.

(c) at least one pair of ring retainers affixed to said test head
adapter ring over said joint and holding said dowel pins in said passages.

3. A device testing system as claimed in claim 1 wherein said
rotatable positioning means include:

(a) a face of said test head adapter ring adjacent said lip on said one
side of said cable pivot housing having a guide formed in said face,

(b) a circumferencs of said test head adapter ring having a radial
groove,

(c) a plurality of horizontal cam followers positioned on said lip of
said cable pivot housing for engaging said guide, and

(d) a plurality of radial cam followers positioned on said inside
radial surface of said cable pivot housing for engaging said radial groove.

4. A device testing system as claimed in claim 3 wherein said
horizontal cam followers are positioned perpendicular to said radial cam
followers.

5. A device testing system as claimed in claim 4 wherein there

are two horizontal cam followers and three radial cam followers.
6. A device testing system as claimed in claim 5 wherein said

two horizontal cam followers and two of said three radial cam followers are
linearly disposed along imaginary intersecting lines.

This is the replacement sheet
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10. A device testing systemas ' clained in claim1 wherein the outside

di.anet er of said ring is smaller than the thickness of
said test head. Jﬂmﬂl—m@jli ﬂ Hm A devi ce testing systerras=ttan =
claim 1 wherein t sgravity of gtSubstitutei $ IrRROEanEaHERY ||
said test head adapter ring passes through the center f sai d Sﬁi‘llt ring

cabl e pivot. _ | Date

7. A device testing system as claimed in claim 1 wherein said
attachment means include:

(a) an inside surface formed on said test head adapter ring,

(b) a test head mount affixed to said inside surface of said test head
adapter ring, and

(c) a rod affixed to said test head on one end and engaging said test
head mount.

8. A device testing system as claimed in claim 1 wherein said
attachment means includes a yoke supporting and at least partially enclosing said
test head attached directly to said test head adapter ring.

9. A device testing system as claimed in claim 1 wherein said
attachment means includes a projection formed on said test head and connected
directly to said test head adapter ring.

10. A device testing system as claimed in claim 1 wherein the
out51de diameter of said test head adapter ring is smaller than the thickness of
said test head.

11. A device testing system as claimed in claim 1 wherein the
center of gravity of the cantilever load carried by said test head adapter ring
passes through the center of said split ring cable pivot.

This is the replacement shest
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